By W. G. ARMSTRONG, M.B., Ch.M., D.P.H.1 THE epidemic which is the subject of this paper has been of an exceedingly mnild type. The fact that among over 1,000 cases only one death occurred (that of a parturient woman suffering from small-pox, who died of collapse two and a half hours after childbirth) constitute it indeed almost a unique record in the way of smnall-pox epidemics.
In certain other directions the symptoms observed varied so widely from the classical picture presented by small-pox that at the beginning it was considered the disease was varicella. Unfortunately the earliest cases were exceptionally mild even when compared with the average of the whole epidemic, and the persons first affected were so slightly ill and the eruptions experienced by them so scanty, that no medical man was consulted by them, and subsequent inquiries have led to the conclusion that small-pox must have been present in Sydney for at least six weeks and affected an unknown number of persons before the Department of Public Health had any knowledge of the presence of an unusual form of eruptive disease in the State.
For permission to use the official data I am indebted to the Director General of Public Health for New South Wales (Dr. R. T. Paton), under whose direction the epidemic was controlled. I am also indebted to Dr. C. W. Reid, Chief Federal Quarantine Officer for New South Wales for permission to examine and use the records of the Quarantine Hospital.
On May 30, 1913 , the owner and manager of a factory for the Senior Medical Officer of Public Health, New South Wales.
D-8 manufacture of underclothing, situated in Chalmers Street, Sydney, and employing over 200 hands, chiefly girls, reported that a number of his employees had during the months of April and May suffered from unusual rashes which appeared to be infectious. A medical officer of the Department of Public Health visited the factory the same day and learned that between April 20 and the end of May a number of young women employed in the factory had suffered with slight eruptions, for the most part on the face, but also extending to other parts of the body. In each case the appearance of the eruption had been preceded by an attack of so-called "influenza,". in which the most prominent symptoms had been headache, vertigo, shivering, and general pains. In some of the cases there had been backache, and in a few there had also been some vomiting, usually slight.. None of the girls affected had ever been vaccinated. The precedent illness in all the cases appeared to have been of a very mild type, and while some of the girls had stayed away from business for a few days, some had not considered it necessary to do so. Not more than two. of the girls affected had consulted a medical practitioner, and in those cases they stated they had been told that there was nothing much the matter.
Further inquiries elicited that the first case in the factory had occurred on or about April 25, at which date a girl, E. D., aged 22, had been attacked by "influenza." Three days later she had developed a. " pimply " rash on the face. She had been absent from work for a week and had returned to duty feeling well before the eruption appeared.
At first E. D. denied all knowledge of any possible source of infection for her illness, but later she stated to the manager of the factory, and subsequently to the writer of this paper, that she was very friendly with a young man, B. E., who had been a steward on thesteamship " Zealandia," and who had arrived in Sydney on April 12,. from Vancouver, British Columbia. She saw him at his mother's house on the day of his arrival and the following days, and he was then suffering from an eruption on his face.
The young man, B. E., was afterwards seen and cross-questioned. He was aged 23, and was said to have been vaccinated in infancy, but showed no scars of the operation. He was (on June 26) slightly marked on the forehead with six shallow, depressed cicatrices, and with several smaller ones on the cheeks. On questioning h, gave the following information: He left Vancouver, British Columbia, in the-"Zealandia " on March 19 and arrived in Sydney on April 12.
The ship touched at Victoria, B.C., Honolulu, Suva and Auckland, New Zealand, and B. E . went ashore at all ports. While ashore at Suva on April 4 he fell sick with severe headache, pains in the stomach and great weakness (no vomiting), and was confined to his bunk for two and a half days after leaving Suva, but did not see the ship's surgeon. His illness therefore appeared sixteen days after leaving Vancouver. The day after leaving Auckland-i.e., on April 9-his face " broke out" in pimples. The eruption was scanty and was confined to the face, forehead and back of the neck, and before it appeared he felt quite well. He considered that the rash was a crop of small boils and it did not entirely disappear from his face until sorne days after his arrival in Sydney. No one else on board so far as he knew suffered from a similar condition. He admitted that he knew the girl E. D. well, and saw her several times after his arrival in Sydney. The subsequent history of this man, B. E., is best given at this point, though somewhat out of logical sequence;-On July 3 he was vaccinated; seven days later there was no sign of a normal " take." The site of vaccination presented three small " mulberry " marks slightly raised above the skin without any signs of vesiculation and without any surrounding areola. There was no swelling or gland enlargement. However, on July 16, thirteen days after vaccination, on re-examination he showed three large pocks with slight brawny induration of the arm. The pocks were not exactly similar in appearance to ordinary vaccination lesions, but resembled them to a certain extent and contained a yellowish lymph. There had been considerable delay in their appearance compared with the usual results of vaccination. As far as could be ascertained no other person than the girl E. D. who came into contact with B. E. suffered from small-pQx.
On examiiination of the employees of the Chalmers Street factory, it was found that nearly all the persons said to have been affected showed small stains, dried scales, and in a few instances very shallow depressed cicatrices upon some portion of their bodies. In one or two instances these had been fairly numerous, but in several cases the total number observed upon any one person did not amount to twenty, while in some there were fewer still. One girl, for instance, had *three such marks on her chest, and one on one arm. Another had twelve on the face, three on the right arm, and one on the left arm.
In some instances girls who had suffered from precisely similar symptoms (" influenza") to the others had recovered completely and the symptoms had not been followed by any eruption.
On being questioned, the girls described the rash as having appeared as " pimples" and having come out in crops, which continued to erupt from day to day over a period of from three or four days to a week. Most of the girls appeared to have been rather more affected on the face than elsewhere, but this was not always the case, and in some instances the face had escaped altogether.
Every girl affected by the eruption stated that after the attack of "influenza " and before the rash appeared she felt quite well and continued so, and had returned to work either immediately, or as soon as she was " fit to be seen."
The factory itself was in a new building, excellently planned in regard to lighting, ventilation, and sanitation, and maintained in an exceedingly cleanly and orderly mnanner. Most of the employees .were engaged in making under-garments with the aid of sewing machines run by power.
On the same date one of the girls (G. H.) employed at the Chalmers Street factory was admitted into the Coast Hospital, Little Bay, ssuffering from a copious rash on her face, body, and limbs. She had been seen by two medical practitioners, who diagnosed her illness as a severe form of chicken-pox. On May 31 she was seen by medical officers of the Health Department in consultation with the Medical Superintendent. Her temperature was then normal and she did not appear to be ill. She also was unvaccinated. The eruption in her case was more plentiful than in any of the other cases which had been ,examined, but the absence of any serious synmptoms of constitutional illness, when weighed with the symptonms observed in the other cases that had occurred at the factory, led to the formation of the opinion by the medical officers that they were dealing with a form of chicken-pox.
The occurrence of a relatively severe case in a patient in Sydney Hospital first caused serious doubts as to the nature of what had been previously regarded as varicella. Even this case, though in some of its features it conformed to the classical type of small-pox, was of so mild a nature in its constitutional reactions (though the patient was an unvaccinated girl) as to make the diagnosis a matter of some doubt. This case was reported to the Department of Public Health on June 18, and on June 18 and 19 six persons who had never been vaccinated, but who were known to have suffered from the disease hitherto regarded as varicella, were persuaded to allow themselves to be vaccinated under control conditions. By control conditions I mean that in each case other unvaccinated persons were vaccinated at the same time from the same tube of lymph. The results of this experiment were very definite. None of the six persons who had been attacked by the illness reacted to the vaccination, while all the controls developed perfect vaccination lesions within the usual time.
These results were considered very suspicious and the investigation was continued, and by July 1 the officers of the Department of Public Health were able to submit such a body of evidence that persons who had suffered from the suspected disorder did not react to vaccination as to warrant the formal proclamation of the presence of small-pox in New South Wales.
The subjects of inquiry indicated by the title of this discussion are the diagnosis and prevention of small-pox, and the indication afforded by recent events in New Zealand and New South Wales more particularly limits the scope of the inquiry to the form of small-pox recently experienced in the localities named. As a preliminary then it may be permitted briefly to consider the question as to the nature of the epidemics with which New Zealand and New South. Wales have been afflicted. Speaking for the profession in Sydney, there is an entire unanimity among medical men who had any experience of cases in regarding the epidemic there as one of true but mild small-pox, and the evidence afforded by one New Zealand case which invaded New South Wales is in favour of the two epidemics being essentially the same in type.
The evidence as to the identity of the New South Wales epidemic with true small-pox may be briefly summarised as follows: The symptomatology is essentially the same, only differing in intensity of the manifestations. The period of incubation was the same. Vaccination was found to protect against the Sydney disease and an attack of the disorder was protective on the other hand against vaccination. The liability to abortion among pregnant women and the infection of the foetus which are so characteristic of classical small-pox, were also observed in the epidemic in Sydney. The more severe cases were accompanied by the typical variolous odour and followed by the depressed scarring or pitting of the skin which is the usual sequela of classical small-pox. So far as one can speak at the present time, the pitting promises to be permanent. All these characteristics except the last named were entirely absent in the numerous cases of chicken-pox which were under observation in Sydney during the small-pox epidemic. Chicken-pox was unusually prevalent and unusually severe in Sydney during the year 1913. Over 6 Armstrong: Epidemic of Small-pox in New South Wales 3,000 cases of chicken-pox were seen and diagnosed by the staff of the Health Department during the epidemic of small-pox, and with very few exceptions the experienced staff found no difficulty in differentiating between the two diseases. Many instances occurred of chicken-pox among recently vaccinated persons, and on the other hand in many cases persons recovering or but lately recovered from chicken-pox were successfully vaccinated during the months of the epidemic. These observations were in marked contrast to the facts in relation to the cases of small-pox.
The theory that the disease observed in Sydney was a hybrid is unscientific and will not bear examination for a moment. The behaviour of the two diseases towards vaccination entirely negatives any such supposition.
Small-pox, like all other diseases, has varied in intensity in different outbreaks. Mild outbreaks have been observed from very early times. Sydenham states that " small-pox has its peculiar kinds which take one form during one series of years, and another during another." Jenner himself records an outbreak in which the virulence was surprisingly low. He says: " It was of so mild a nature that a fatal instance was hardly ever heard of, and consequently so little dreaded by the lower orders that they scrupled not to hold the same intercourse with each other as if no infectious disease had been present among them," and Van Swieten in 1759 describes an outbreak which was " so mild that secondary fever is not manifested and constantly is wanting, convalescence coming on on the eighth day of the eruption."
To come to more recent times, during 1896 a very mild type of small-pox began to prevail in the South of the United States and gradually spread over the whole country and into Canada. In 1902 it invaded the island of Trinidad and 5,154 cases were reported with but twenty-eight deaths. In 1911 Chapin records that 3,294 cases occurred in North Carolina without a single death. The same writer states that it is highly probable that the mild form of sm-all-pox observed in England during 1901 and 1902 was introduced from America. Chapin further states that while this atypical form of small-pox was spreading in America the classical and more severe form appeared from time to time in various places. Both forms always appeared to "breed true," but he adds that "health officers and clinicians all over the country who have had an extensive experience of the old type of the disease as well as with the other form are convinced of their identity. The reasons are the same period of incubation, the characteristic though mild prodromal symptoms, the development of the eruption at the normal time, the distribution of the eruption, and its perfectly characteristic appearance in most cases. The crucial test of the identity of the two forms is, however, to be found in their immunity relations. . . . Persons who have had small-pox or who have been successfully vaccinated are at least as immune to the mild as to the severe type. It is also found that persons who have had the mild type are equally immune to vaccinia." 1 After having swept through the United States this mild type of small-pox invaded Canada, in parts of which it still persists. Official records show that it actually prevailed in British Columbia during the early months of 1913, and therefore at the time of the departure of the steamer " Zealandia " for Sydney with the steward B. E. on board.
The diagnosis of the mild type of small-pox, like that of the severer form, depends upon (1) the distribution of the focal rash, (2) the characters of the focal lesion, and (3) the onset of the illness and its relation to the appearance of the rash.
THE DISTRIBUTION OF THE RASH. The modern method of diagnosing small-pox gives precedence to the -distribution of the rash above all other evidences. In former times it was the accepted teaching to regard as more important the form or anatomical characters of the individual lesion. To quote Ricketts, " The evidence from position there can be little doubt is in most cases more intrinsically valuable than the evidence from character; it is certainly the more easily observed and the more generally dependable." The broad features of the distribution of the rash in the classical picture of small-pox are that the rash prefers the upper half of the body to the lower, that it is a -rash of the face and arms rather than of the trunk and legs; that it affects the distal rather than the proximal ends of the limbs, the back of the trunk rather than the front, the extensor surfaces rather than the flexor. It prefers, in short, those surfaces which are most liable to irritation.
These broad features applied generally in the Sydney epidemic and were on the whole relied on by us as the most important evidence presented to us in diagnosing a case. In individual instances anomalies of distribution did occur and were sometimes marked, but these anomalies could generally be explained and allowed for if one did not forget the effects which precedent irritation of the skin always has upon the rash of small-pox. In three cases among pregnant women, for instance, Journ. Infect. Dis., Chicago, 1913, xiii, p. 180. which I saw myself, the rash appeared first upon the abdomen and continued unusually plentiful there throughout the period of efflorescence. This was due to the friction of the clothing upon the distended and proininent surface of a part of the body which usually escapes very lightly from the focal rash of small-pox.
In muany of the cases of small-pox seen in the New South Wales epidemic the numerical severity of the rash was so low that all the pocks on the whole surface of the body numbered less than twenty, and even in some cases as few as three or four. In such cases it is impossible to expect the distribution of the rash to conlply with any law. Nevertheless, when taken broadly, the rash of mild small-pox as a whole does follow the laws of distribution observed by the classical type of the disease and with surprising accuracy. In a doubtful case one has sometimes adopted the expedient suggested by Wanklyn of plotting out a plan of the rash upon one of those diagrams of the human figure which are sold by nmedical booksellers for recording physical signs, and this was always very helpful in obtaining a clear impression of the distribution of the rash and a considerable aid in diagnosis. Usually in the milder cases of the epidemic the rash first appeared as a pimple on the nose or forehead, and in the majority of cases the rash on the face continued throughout efflorescence to exhibit greater numerical intensity than on any other part of the body. Nevertheless, instances were not wanting throughout the epidemic in which the face escaped altogether, but these were rare. Next to the face, the eruption affected the extensor surfaces of the forearms, then the back (especially between the shoulders), next the buttocks and thighs. The chest, and still more the abdomen, was almost invariably relatively and often entirely free from rash. This, of course, constituted a very useful diagnostic stigma in differentiating the disease from chicken-pox. The scalp and the male and female genital organs (the penis and vulva) were very frequently invaded. In all the more severe cases the palms of the hands and soles of the feet were attacked, but in the milder cases they often escaped altogether. In the more severe forms of the disease the formation of the pocks beneath the thick skin of the soles was often attended by a great deal of pain, and these pocks usually became inspissated and formned brown, seed-like bodies which had to be dug out with a knife on convalescence.
Although the eruption was usually scanty and sparse in the type of small-pox seen in Sydney it was not always so. Instances in which the rash was confluent on the face and arms occurred, and not rarely a, semi-confluent rash in those situations was observed. In one patient in whom the pocks were counted they numbered over 4,000 upon the whole surface of the body, of which 362 were upon the face. In another instance there were over 900 counted upon the face alone. In the latter case nearly all the pocks were small and badly developed. These cases were exceptional however, and the average number of lesions upon the face in the majority of instances ranged from about twelve to, say, thirty or more.
THE INDIVIDUAL LESION.
The focal lesion in the Sydney epidemic manifested great variations both in its anatomical characteristics and in its development. In a small minority of the severer cases it approximated in both directions very closely to that of the classical type of small-pox. In such cases the rash appeared in a single crop, the lesion passed through the regular stages of papule, vesicle and pustule, and the whole evolution from the first appearance of the papule to the beginning of incrustation occupied about eight days. The vesicles in these rare cases were circular, flat-topped, or umbilicated, greyish in colour, and when pricked or incised the contents were not wholly discharged, indicating loculation of the vesicle.
In the overwhelming mnajority of our cases, however, the regular stages of development of the lesion were obliterated or nearly so, and the whole period of evolution was much shortened. Often the first sign of the rash was an outcrop of pimples on the nose or forehead, which acquired pustular heads within a few hours, and sometimes the changes were so rapid that the lesions seemed almost to make their first appearance as pustules. They exhibited a strong tendency to appear in crops, which continued to erupt from day to day throughout the whole period of efflorescence, until the earlier lesions had dried up or become scabbed over. As a consequence, lesions were generally present at the same tinme on the samne part of the body in various stages of development-a state of matters which is not generally distinctive of small-pox.
Another direction in which the eruption in our epidemic was aberrant was in the large proportion of small and abortive lesions. In most cases of the classical variety of small-pox a minority of the lesions are small and abortive, but in the New South Wales epidemic such abortive lesions were often in the immense majority.
Most of the variations from the classical type observed in our epidemic appeared to depend very largely upon the superficial character of the lesions. This characteristic showed itself best in the absence of pitting of the skin after recovery which was seen in most of the cases, and in the shallowness of the little ulcers which were seen when a pustule was accidentally ruptured (about 10 per cent. of the patients, however, did show pitting). When the lesions were fairly large their superficial character was also shown by the appearance of the mnargin of the pustule. In chicken-pox the pustule or vesicle often appears to be lying upon the surface of the skin. In ordinary small-pox it juts through the skin, throwing the surrounding skin up in a slope round the base of the pustule. In this form of small-pox the appearance presented by a full-sized lesion is half-way between the two. It is less superficial than in chicken-pox, and more so than in ordinary small-pox. The same fact accounts for the sinuous, jagged outline and oval shape of the lesions which were often seen in the Sydney epidemic, especially in those lesions situated on the trunk.
It was the relative or complete absence of the eruptive fever which accounts for the exceeding mildness of the epidemic. Even in cases which passed as severe the maturation of the pustules was accompanied with very little elevation of temperature. In the case of the girl E. B., who was admitted into the Sydney Hospital, and whose illness in many respects was more typical of the ordinary form of small-pox than almost any other case seen in the epidemic, she never had a temperature to speak of after the rash appeared. She was admitted into the hospital on June 12, and the rash first appeared on June 15. Previous to the appearance of the rash she had a toxacmic fever running very near 105' F., but after the rash had once appeared her temperature only once touched 101°F., and that was on June 20, the day after her removal to the Coast Hospital. On June 21 it fell to 990 F., and on June 22 to normal, from which it never rose again. All through the stage of pustulation she stated that she felt perfectly well, and complained of not getting enough meat to eat. In most of the cases sent to quarantine the temperature continued normal throughout the eruptive stage, and the patients did not exhibit any symptoms of that profound illness which usually accompanies pustulation in the unvaccinated.
THE INVASION PERIOD.
The mode of onset of the illness-the third member of the diagnostic trinity enumerated-would be of greater value if human testimony were more reliable. Patients and their friends so often deliberately suppressed the truth or for some reason made false statements, that this class of evidence always had to be received with great caution. When reliable, such evidence was of great value in diagnosis, and formed a diagnostic barrier between this degraded type of small-pox and the other disease which it most resembles-chicken-pox.
It is usually rather gradual in its onset, and is marked by frontal headache (which, according to the statements of patients, is always the most prominent symptom), general febrile symptoms, backache (in about 20 per cent. of the cases), vague general pains, vertigo, rarely distinct rigors, and sometimes vomiting. Patients almost always liken the attack to one of influenza. The invasion period varies from one to ten days, and averages about five days, and during this time the toxaemic fever may run rather high. One had naturally very few opportunities of observing the disease at this stage, but in instances of the more severe cases which one has personally seen, and in others upon which the testimony of other medical practitioners has been forthcoming, the temperature in the invasion stage has mounted well above 1030 F., and sometimes reached 105' F.
All the symptoms of the period of invasion usually remit for a variable timne before the rash appears, and the patient considers himself quite well and generally returns to work, if the illness has been sufficiently severe-to compel him to cease work at all; for in some of the milder cases the severity of the symptoms is not sufficient to cause cessation of regular occupation. In some cases the symptoms of the invasion period do not abate until the rash appears, but this seems to be unusual. Speaking generally, the period of invasion is longer than in the classical type of the disease.
Judging from the cases in which young children have been affected in this epidemic, the invasion period is much less marked in them than in adults in all its manifestations.
MACHINERY FOR CONTROLLING THE EPIDEMIC.
The machinery for controlling the Sydney epidemic was twofold in character. The Commonwealth Quarantine Service established a sufficient medical and nursing staff at the Quarantine Station at the North Head of P6rt Jackson under the control of Dr. C. W. Reid, Chief Quarantine Officer for New South Wales, to which all patients known to be suffering from small-pox were conveyed by steam launch proin the city. Here they were treated in the Quarantine Hospital and detained until they were judged to be no longer infectious.
A special visiting medical staff was formed at the offices of the New South Wales Department of Public Health. Every case of suspected small-pox reported by a medical practitioner or by any member of the public was visited by a, member of this staff, and if the case was diagnosed to be one of small-pox the patient was conveyed by nmotor ambulance to the depot at Woolloomooloo Bay, where he was embarked on the launch. All medical practitioners were notified by circular of the obligation on them to report every case of illness which might reasonably be suspected of being small-pox, and the citizens generally were warned to the same effect through the public press. A very large number of persons were seen and examined by the visiting medical staff who proved not to have small-pox. More than 3,000 cases of chicken-pox alone (which has been unusually prevalent in Sydney during the year 1913) were thus seen. As soon as the staff had obtained some experience with the particular type of small-pox of this epidemic the diagnosis from chicken-pox presented, as a rule, very few difficulties, and subsequent results showed that the number of mistakes in diagnosis was small.
During the epidemic the method of treatiDg contacts was twice modified. All through the epidemic, the visiting medical staff on diagnosing a case of small-pox offered vaccination to all contacts. This practice was never changed. But at the beginning of the epidemic all house contacts were also conveyed to the Quarantine Station and detained until vaccination was proved successful. Later on this policy was temporarily modified owing to the impossibility of housing all the contacts at the Quarantine Station during the height of the epidemic. During this period only those contacts who refused vaccination were deported to North Head. At a still later period, when the daily number of cases had fallen to two or three, the practice of removing all contacts to quarantine was again put in force.
THE INFLUENCE OF VACCINATION.
The evidence gained from the epidemic of small-pox in New South Wales is a striking vindication of the value of vaccination. Our experience has been that whether one insertion or more were made, whether the area of the vaccination cicatrix were as large as a florin or as small as a pin's head, so long as a typical vaccine vesicle, followed by a, foveated pigmented cicatrix, was produced, the protection afforded against small-pox was absolute for the time being. The whole epidemic lasted for a period of time too short to afford any evidence as to the duration of the protection.
In reviewing the available evidence as to the efficiency of vaccination in protecting against attack, it will be apprehended that that class of evidence has the greatest value which deals with the staff which had the control of the epidemic, because not only were the members of that staff more exposed to the risks of infection than the public generally, but they were constantly so exposed. Moreover, their vaccinal state could be easily and certainly ascertained.
The staff employed by the Commonwealth of Australia at the ,Quarantine Hospital, where nearly all the metropolitan patients were treated, numbered fifty-two, of which four were medical officers and forty-eight were nurses or hospital attendants. All the above were successfully vaccinated or re-vaccinated at the outbreak of the epidemic and none of them contracted small-pox. The staff employed by the New South Wales Health Department and coming into dangerous relationship with infectious cases numbered fifty. Seventeen of these were medical officers employed in visiting and diagnosing suspected cases; five were sanitary inspectors; four were members of the disinfecting staff employed in disinfecting houses from which small-pox patients had been removed; twenty-four were nurses who were employed in nursing country cases and a few metropolitan patients who for various reasons could not be removed to the Quarantine Hospital. The whole of this staff were successfully vaccinated or re-vaccinated at the beginning of the epidemic, excepting one member of the disinfecting staff. This man managed to evade the general instruction which had been issued to the staff to undergo vaccination. He had never been vaccinated in his life, and he alonie of the whole twvo staffs contracted small-pox.
Among those persons who suffered fromn small-pox the vaccination statistics were as follows: Sixty-seven persons stated that they had been vaccinated in infancy, but in only forty-six of these were any vaccination scars visible. All of these sixty-seven persons were adults, and the majority were over 40. Amnong them were two persons who claimed to have been re-vaccinated-one of them thirteen years and one twenty years before being attacked by small-pox. In addition to those persons said to have been vaccinated in infancy, two of those attacked in the Sydney epidemic claimed to have been vaccinated previously-one thirteen years and one fifteen years before they were attacked. One of the two in this last group showed a vaccination cicatrix, but in the other case there was no such mark to be found.
Passing to the subject of recent vaccination, it was found that with two doubtful exceptions, no person who had been successfully vaccinated during the course of the epidemic afterwards contracted small-pox. By this one does not mean to say that no person who had undergone the operation of vaccination afterwards contracted small-pox. On the contrary, this happened in sixty-one instances. But with the two doubtful exceptions above referred to, in all the sixty-one instances the vaccinations had either been followed by no reaction whatever (thirtynine cases), or had resulted in the aberrant reaction which Seheult has christened a "mulberry" (twenty cases), a reaction which, when it follows vaccination in a person who has not already had small-pox, appears to be due to defective lymph. A vaccination followed by this reaction does not afford protection either against subsequent vaccination or against small-pox. The two doubtful cases were those in which vaccination had been performed thirty-eight days and two months respectively before attack by medical practitioners who afterwards gave certificates of successful vaccination, but when seen by us the vaccination scars were not foveated or depressed, and would not have been accepted by a member of the staff of the Department as indicating successful vaccination. The other 938 persons who were attacked during the epidemic had never been vaccinated.
These statements may be condensed as follows: Of the 1,070 persons attacked to December 31, 1913, in the New South Wales epidemic of small-pox, 69, or 6@4 per cent., had probably been vaccinated in infancy or over thirteen years before being attacked; 999, or 93,3 per cent., had never been successfully vaccinated before contracting the infection of small-pox.
The failures in vaccination indicated were due to the inferiority of the lymph used by the Department during one period of the epidemic. Even these figures, powerful argument as they are in favour of vaccinationi, do not by any means disclose the whole of the case in its favour. Many instances occurred in the earlier part of the epidemic in which infantile vaccination was quite effective in protecting adults from infection. Cases, for instance, were not infrequent in which all the children of a family (born in New South Wales and therefore unvaccinated) were attacked by small-pox, while the parents who had been born in Europe and vaccinated in infancy escaped infection. Sydney was probably prior to this epidemic, as regards the younger portion of its inhabitants, the worst vaccinated of any civilised community in the world. At the present time over 50 per cent. of its population is successfully vaccinated and therefore effectively protected against small-pox for some years to come.
Another kind of evidence is that afforded by the results of vaccination of contacts. Over 6,000 persons who were discovered to have come into close contact with persons diagnosed to have small-pox were vaccinated during the epidemic by the medical staff of the Department (quite apart from vaccinations performed in public vaccination depots or by private practitioners), and in all cases in which vaccination was performed within two days of exposure to infection and was successful in producing a normal vaccinal reaction, the vaccinated person was protected against small-pox. The only failures were the instances in which the exposure had been three or more days before vaccination took place, and the latter had therefore been unable to " catch up" with the infection. Our experience in this direction was in accord with the observation of Marson (Reynolds's " System of Medicine,"') that vaccination within two days after exposure to the infection of small-pox will usually avert the attack of the latter disease.
In quite a number of instances during the epidemic the person attacked by small-pox was the only unvaccinated mnember of his household. Such an event generally occurred in households residing near a dwelling in which a case or cases of small-pox had occurred between two and three weeks previously, and the other members of the household had been vaccinated in consequence as a precautionary measure.
To quote Wanklyn, our experience of the efficacy of vaccination during the Sydney epidemic was that "anyone who is recently and successfully vaccinated cannot by any loss of health, by any degree of exposure, or by any possibility of any kind at all, contract small-pox."
The " mulberry " reaction which has been referred to in this paper as occasionally following vaccination has been already described by Seheult in his account of the Trinidad epidemic of mild small-pox.2 This reaction may be produced under various circumstances. It was commonly and most frequently seen in Sydney after the vaccination of persons who had already suffered from the Sydney epidemic of small-pox. Vaccination of 'Reynolds, " System of MIedicine," 2nd ed., 1870, i, p. 268. persons who were suffering, or who had suffered, from small-pox in the vast majority of instances was followed by no reaction; but in a minority of cases a slight and very much modified reaction resulted, which consisted in the delayed appearance at the site of inoculation of a red mulberry excrescence which either dried up without any further development, or which eventually resulted in ill-developed vesicles often containing some blood. There was an absence in these cases of the inflammatory zone round the vesicles and usually a lack of constitutional symptoms. When the vesicle dried up it formed a thin scale, which on falling off left a small red excrescence which gradually became absorbed. No cicatrix finally resulted, but the skin remained stained for some weeks.
A similar reaction to the above was often observed to follow the re-vaccination of persons who had previously been vaccinated (in infancy) but had not suffered from small-pox. It was also occasionally observed in persons who had never either been vaccinated or suffered from small-pox. In these cases it appeared to be due to some defective quality in the lymph, and, as has already been stated, a primary vaccination followed by such a reaction gave no protection against subsequent attack by small-pox. In Sydney most of the instances in which the " mulberry reaction " followed the vaccination of persons who had not had small-pox were consequent upon vaccination done with a particular strain of lymph which was soon discarded on account of its proving inefficient.
It is to be noted here that the vaccination of persons actually suffering from the eruption of small-pox in the Sydney epidemic was occasionally, though very rarely, followed by a good reaction. Such successful vaccinations were done within one or two days after the small-pox rash appeared, and the latest case noted was one in which successful vaccination was performed on the third day after the appearance of the small-pox rash. This observation is in accord with the observations of Ricketts and of Hibbert and Robinson, all of which relate to the classical and more severe type of small-pox.
INFECTIVITY OF THE SYDNEY EPIDEMIC OF SMALL-POX.
Infectivity in this epidemic appears frequently to have had a low intensity. For instance, in two cases early in the epidemic before the diagnosis of small-pox was made, persons who suffered from very mild attacks (in one case there were only three or four lesions on the whole surface of the body) failed to carry infection into their families though they occupied the same bedrooms as other unvaccinated members of the family. In cases accompanied by a copious rash the infectivity of the disease appears to have been fairly intense, and in households unprotected by vaccination, as soonas a diagnosis of small-pox in one member of the family was made the disease has generally attacked all the members of the household. This state of affairs was chiefly observed at the beginning of the epidemic or in families where the earliest case was concealed or overlooked, as later on, when one member of a household was found to be attacked, all the other inmates were protected by vaccination. The slow spread of the epidemic in an almost entirely unvaccinated population was no doubt due to the degraded infectivity. In. most cases infection appears to have been conveyed by direct personal contact, and in quite a number of instances young men and women were found to have infected members of the opposite sex with whom they had been " keeping company "; on the other hand, the convection of infection by fomites was not much in evidence. Two striking examples to the contrary were that of a young woman who borrowed a handkerchief from an acquaintance suffering from a mild attack of small-pox, and was herself attacked twelve or thirteen days later; and the case of an old man who slept one night in a bed which had the previous night been occupied by a small-pox patient with whom he had not been otherwise in contact.
He also sickened with small-pox about a fortnight later. But in both these cases there were special opportunities for infection. As a rule, the progress of the epidemic could be traced by direct and close personal infection from person to person.
The evidence from the behaviour of the epidemic outside Sydney also points to low infectivity. In the course of the epidemic twentyseven country towns or districts of New South Wales were invaded by small-pox, and the total number of cases diagnosed in these localities only mounted to fifty-two. The greatest number of persons attacked in any one locality Swas six, and in sixteen localities only one person was attacked. In all but six of the localities invaded the first person, or the only person attacked, had come from Sydney, where he had been infected. In five instances the evidence of the source of infection was doubtful, and in one instance the person attacked had been infected in New Zealand. In country places, therefore, when the authorities were on their guard and ordinary measures of segregation and vaccination were enforced from the earliest diagnosis of an imported case of smallpox, the disease did not spread. D-9 CONCLUSIONS.
(1) The epidemic prevalent in Sydney during the latter half of the year 1913 was a mild type of small-pox, and was identical with the epidemic infectious disease variously known as " Cuban itch," '¢alastrim," " Spanish measles," "milk-pox," " lumbermen's itch," &c., which has prevailed during recent years in various parts of the Americas. The disease was probably introduced into Sydney from Canada.
(2) Recent successful vaccination conferred absolute protection against infection during the Sydney epidemic.
(3) Besides being mild in its manifestations, the disease had a, relatively low infective power, and was as a rule transmitted only by personal contact. Transmission by fomites or by aerial convection rarely occurred.
(4) As regards diagnosis, the only confusion liable to arise is between this disease and chicken-pox. Such uncertainty is only likely to occur in respect of a few of the milder cases of this mild type of small-pox, and it may be overcome by paying attention to the distribution of the focal rash and to the manner of onset, both of which are distinctive from that of chicken-pox. In a minor degree the characteristics of the individual lesion are also of value in diagnosis. For instance, the clear, watery pock which collapses easily on pressure with the finger-nail, with escape of its watery contents, is very frequently present in some stage of an attack of chicken-pox, and is never seen in mild small-pox. Some other characteristics of the focal lesion, such as shape, irregularity of outline, umbilication, and the occurrence of the rash in successive crops, have no great value in the diagnosis of chickenpox from mild small-pox. At the beginning of an epidemic of mild. small-pox diagnosis should be controlled by vaccination results.
(5) The question of prevention centres round that of vaccination. In a well-vaccinated and re-vaccinated community the disease cannot spread. In an unvacinated community it will certainly spread unless the earliest cases are sufficiently severe to attract attention, because many of the cases are so mild that patients will not regard their attacks seriously, and refuse to seek medical assistance. Small-pox in Sydney was almost entirely confined to the poorer neighbourhoods, because the better educated -classes nearly invariably sought vaccination, or revaccination as soon as the existence of small-pox in an epidemic form was publicly notified.
